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Chemical and Biological Quality of Surface Water
at the U.S. Army Atterbury Reserve Forces Training Area,
near Edinburgh, Indiana, September 2000 through July 2001

By Martin R. Risch

Abstract

A base-wideassessment of surface-water
quality at the U.S. Army Atterbury Reserve
Forces Training Areanear Edinburgh, Indiana,
examined short-term and long-term quality of
surface water flowing into, across, and out of a
33,760-acre study area. The 30-day geometric-
mean concentrations of fecal-indicator bacteria
(Escherichia coli) in water samples from all
16 monitoring siteson streamsin the study area
were greater than the Indiana recreational
water-quality standard. None of the bacteria
concentrations in samples from four lakes
exceeded the standard. Half the samples with
bacteria concentrations greater than the single-
sample standard contained chemical tracers
potentially associated with human sewage.
Increased turbidity of water samples was
related statistically to increased bacteria con-
centration. Lead concentrations ranging from
0.5to 2.0 micrograms per liter were detected in
water samples at seven monitoring sites. Lead
inone sampl e collected during high-streamflow
conditions was greater than the cal culated
Indiana water-quality standard. With the ex-
ception of Escherichia coli and lead, 211 of
213 chemical constituents analyzed in water
samples did not exceed Indiana water-quality
standards. Out of 131 constituents analyzed in
streambed-sediment and fish-tissue samples
from three sites in the Common Impact Area
for weaponstraining, thelargest concentrations
overall were detected for copper, lead, man-
ganese, strontium, and zinc. Fish-community

integrity, based on diversity and pollution toler-
ance, was rated poor at one of those three
sites. Compared with State criteria, the fish-
community dataindicated 8 of 10 stream
reaches in the study area could be categorized
as “fully supporting” aguatic-life uses.

Introduction

The U.S. military has been obtaining assess-
ments of water quality at itstraining areas nation-
wide. In some cases, the assessments are tied to
regulatory requirements, while in other cases, they
provide information about emerging or undiscov-
ered environmental concerns. The assessments
typically include a special evaluation of firing
and bombing rangesfor potential effectson surface-
water or ground-water quality. The U.S. Geological
Survey (USGS) has a history of providing water-
quality investigations for the military through its
Department of Defense Environmental Conserva-
tion Program.

The U.S. Army Atterbury Reserve Forces
Training Area (known as Camp Atterbury) in cen-
tral Indiana near Edinburgh has been used by the
Army and the National Guard for more 50 years.
The Indiana Army National Guard needed a base-
line of information about the effects of training
activities on water quality at Camp Atterbury.

The Guard requested the USGS to provide an
assessment of the chemical and biological quality
of surface water flowing into, across, and out of
Camp Atterbury, with a more extensive evaluation
near the firing and bombing ranges used for weap-
onstraining of ground and air troops. This study by
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the USGS during September 2000 through July
2001 wasthefirst surface-water-quality assessment
ever made at Camp Atterbury.

The objectives of the study were to

» Make a base-wide assessment of the
short-term and the long-term surface-
water-quality conditions;

» Evaluate potential effects of military
training on surface-water quality in
and near the Common Impact Area
of the firing and bombing ranges;

» Monitor base-wide surface water for
fecal-indicator bacteria during various
flow conditions;

* Explore potential relations between
fecal-indicator-bacteria concentra-
tions, water quality, and streamflow;

* |dentify water-quality constituents and
locations that would aid in long-term
monitoring of surface water at Camp
Atterbury.

Purpose and Scope

This report presents streamflow, chemical,
and biological datafrom USGS surface-water
assessments and monitoring at Camp Atterbury
during 2000 and 2001. Data were collected during
three time periods. Methods, data, and interpre-
tations in the report, however, are organized
according to the type of information (streamflow,
chemical, or biological) rather than chronological
order or geographic location. The number and types
of streamflow, chemical, and biological datafor
each time period follow:

(1) September and October 2000. Chemi-
cal and biological datawere collected during
low-streamflow conditions at 13 stream sites
and 3 lake sites. | nstantaneous streamflow was
measured at the 13 stream sites. The chemical data
included analyses of 16 surface-water samples,

7 streambed-sediment samples, and 10 fish-tissue
samples. Analytical constituents included 9 water-
quality characteristics and physical properties,
17 major ions and nutrients, 20 trace elements,

14 explosives, and 137 volatile or semivolatile
organic compounds. The biological dataincluded
fish-community inventoriesfrom 10 stream reaches
and 2 lakes, benthic-macroinvertebrate-community
inventories at 13 stream reaches, and qualitative
habitat evaluations of the same 13 stream reaches.

(2) May and June 2001. During a 30-day
period, Escherichia coli (E. coli) concentrations,
five water-quality characteristics, and instanta
neous streamflow were measured five times at 16
stream sites and 4 |ake sites. A total of 100 surface-
water samples and 30 quality-assurance samples
were analyzed for E. coli concentrations. A total
of 23 water samples from 13 stream sites were
analyzed for 66 wastewater tracers.

(3) July 2001. Chemical and streamflow data
were collected during 2 days of high-streamflow
conditions at six stream sites near and in the Com-
mon Impact Area. The chemical data included
analyses of 9 water-quality characteristics and
physical properties, 17 major ions and nutrients,
20 trace elements, 14 explosives, and 92 semi-
volatile organic compounds.
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Description of the Study Area

Physical setting, geology, physiography,
soils, and climate of the study area are based on
maps and references in Schnoebelen and others
(1999) that describe the environmental setting
and natural factors affecting water quality in the
White River Basin, Ind. Unpublished data sets for
the study area, compiled in the National Guard's
geographic information system (GIS) for Camp
Atterbury, supplement the descriptions of geology,
soils, hydrology, and land cover in this section of
the report.

History and Physical Setting

Camp Atterbury was a 40,320-acre
U.S. Army installation from 1942 through 1968.
The installation was a troop-training, military-
hospital, and prisoner-of-war facility during World
War Il. The installation was deactivated from
1948 through 1950 and again in 1954 after the
Korean Conflict. In 1968 and 1969, approximately
7,000 acreswere sold and theremaining U.S. Army
property was redesignated the Atterbury Reserve
Forces Training Area. The installation then was
placed under the control of the Indiana Army
National Guard (Indiana National Guard, 1995).

The mission of Camp Atterbury isto support
individual and unit training of the National Guard,
aswell astraining of the active and other reserve
forces of the U.S. military. The year-round training
areas and facilities support firing of individual
and crew-served weapons, artillery, mortars,
tanks, and wheel ed fighting vehicles;, maneu-
vers and qualifications for specialized units and
vehicles; helicopter air-assault and parachute
operations; gunnery and bombing practice for jet
aircraft of the Indiana Air National Guard and Air
Force Reserve; and training for emergency teams
and law-enforcement officers of Federal, State, and
local government.

The study area for the surface-water-quality
assessment at Camp Atterbury covered approxi-
mately 33,760 acres?, spanning about 4 to 6.5 mi
by 9.5 mi (fig. 1). The central part of the study
area contained the approximately 6,300-acre
Common Impact Area? (called Impact Areain this
report), that includes the weapons-firing ranges and
the aerial gunnery and bombing ranges. Most of
the study areaisin Bartholomew County; a part
of the northern boundary isin Johnson County;
and a part of the western boundary isin Brown
County. Nearby transportation routes include State
Road 252 to the north, U.S. Highway 31 to theeast,
State Road 46 to the south, and State Road 135 to
the west.

Camp Atterbury isin central Indiana about
30 mi south of Indianapolis (fig. 1). Nearby cities
and towns include Edinburgh (population 4,505),
less than 3 mi east; Nineveh, less than 1 mi north-
west; Franklin (population 19,463), about 10 mi
north; and Columbus (population 39,059), about
6 mi southeast (Indiana Business Research Center,
2000). Small, rural communities surround Princes
Lakes, Cordry Lake, and Sweetwater L ake along
the western boundary. The 1990 population density
of the rural communities near Camp Atterbury was
100 to 800 people/mi? (Indiana Business Research
Center, 2000).

Land cover in the study areawas forest and
woodland (53 percent), shrubland (24 percent),
and grassland (15 percent); the remaining land
cover was sparsely vegetated or water (unpub-
lished data, Indiana Army National Guard, 2002,
Geographic Information System [GIS] for Camp
Atterbury). Developed land in the northern part
of the installation included firing ranges, training
areas, an airport, support facilities, and barracks;
in the southwestern part of the installation was a
multi purpose training range.

A rea computed from maps of Camp Atterbury training
areas and installation boundary (unpublished data, Indiana
Army National Guard, 2002, Geographic Information System
for Camp Atterbury), converted from square metersto acres
by multiplying with a conversion factor of 0.0002471 acres
per square meter.

Description of the Study Area 3
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Topography, Physiography, Geology, and Soils

The surface topography of Camp Atterbury
includesflat to gently rolling terrain in the north
and northeast to steep, hilly terrain in the south and
southwest. Terrain along Nineveh Creek and the
Driftwood River in the east is lowland flanked by
terraces. The land-surface altitude ranges from
about 650 ft near the eastern border to 910 and
930 ft near the southwestern corner. Altitude in
the central part ranges from 740 to 820 ft (Defense
Mapping Agency, 1985).

The study area primarily isin the Norman
Upland physiographic unit as originally defined
by Malott (1922), with the northeastern part in the
Scottsburg Lowland (fig. 2). The Norman Upland
has westward-d oping, unglaciated upland areas
with narrow ridge tops and steep slopes. The Scotts-
burg Lowland isan areaof low relief and extremely
broad, flat valleys.

The surface geology of the study area affects
topography, runoff, and surface-water quality. From
west to east, the surface geology (fig. 3) includes
sandstone, shale, and limestone bedrock; sandy
loam and loam till; and a stream corridor with
alluvium and undifferentiated outwash (Gray,
1989). The advance of the Wisconsinan glaciation
extended into the northern third of the study area.
Thickness of the unconsolidated deposits ranges
from zero to 100 ft (Gray, 1983).

Much of the study areais underlain by silt-
stone and limestone of the Borden Group (Gray and
others, 1987). The eastern edge of the study area
isunderlain by the New Albany Shale, ablack and
greenish gray shale formation. Age of bedrock
beneath the study areais shown in figure 4. The
bedrock structure primarily is affected by the Illi-
nois Basin; sedimentary strata dip westward and
south-westward, with aslope of 10 to 30 ft/mi
(Gutschick, 1966).

The soil regions of the study area are related
to the surface geology near land surface. Six soil
regions are present, classified by parent material,
natural vegetation, and topography (Franzmeier
and others, 1989). From west to east, the soil

regions include discontinuous loess over bedrock;
thin or moderately thick loess over loamy glacia
till, lacustrine deposits, or weathered till; outwash;
and aluvium (fig. 5).

According to the soil survey that includes
much of Camp Atterbury (Noble and others, 1990),
numerous soil types—based on texture, slope, and
drainage—were mapped. The soil types were
grouped into soil associations with similar charac-
teristics. Two soil associations are present in the
Impact Area. The Pekin-Chetwynd-Bartle associ-
ation primarily consists of fine-textured soils
on doping terraces and steep hillsides. This soil
association is characterized as poorly drained on
relatively level ground to well drained on steep
slopes. Surface runoff is rapid, and infiltration is
low on steep slopes. The Crosby-Miami-Renssel aer
association primarily consists of fine-textured soils
on upland terraces to sloping hillsides. This soil
association is characterized as poorly drained to
very poorly drained. Infiltration is slow because of
low-permesability soil texture or impermeable sub-
soils. This soil information indicates much of the
precipitation on the Impact Area either runs off
rapidly or infiltrates slowly. In some areas, the in-
filtration is intercepted by subsurface drains and
diverted to surface water.

Climate

The study area has a humid continental
climate, characterized by distinct winter and
summer seasons with large annual temperature
ranges. Mean monthly temperatures at Columbus,
Ind., about 6 mi southeast of the study area, range
from about 27°F in January to about 75°F in July.
At Columbus, mean annual precipitation is44in.,
and mean monthly precipitation ranges from about
2.1in. for December to about 4.5 in. for May and
July (National Weather Service, 1997).

Midwestern Regional Climate Center (2002)
precipitation data were summarized for the study
area during the base-wide assessment. Rainfall in
September and October 2000 was average. About
1.5in. of rain fell September 5 through 19, 2000;
no rain fell on the days of sample collection. About

Description of the Study Area 5
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2.5in. of rain fell in the week prior to the last sam-
plecollection in September. Norainfell onthe days
of data collection in October. During stream moni-
toring in May and June 2001, rainfall was average:
about 2 in. of rain fell the second week; 1.5in. fell
the fourth week; 3 weekswere dry. During thefirst
week of July 2001, from 2.5t0 3.0in. of rain fell,
which was 300 percent of the mean for that period.

Hydrology

The study area (fig. 1) isin the East Fork
White River Basin. The drainage area of the
Driftwood River near Edinburgh, Ind., is 1,060 mi?2
(Schnoebelen and others, 1999); theriver ispopul ar
for boating and fishing. According to hydrologic
unitsin the GIS for Camp Atterbury (unpublished
data, Indiana Army National Guard, 2002), more
than 90 percent of the study area drains eastward
to the Driftwood River. Less than 10 percent of the
study area, in the southwestern corner, drainsto
the East Fork Salt Creek. The largest stream in the
study areais Nineveh Creek, with adrainage ared?
of approximately 44 mi2. Nineveh Creek originates
upstream from the study areaand isjoined by three
tributariesinside Camp Atterbury, including Prince
Creek and Mud Creek. All the streamsin the study
area, with the exception of Nineveh Creek, arefirst-
order streamswith drainage areas® less than 10 mi2,
Headwaters of Lick Creek, Muddy Branch, and
Catherine Creek areinside the study area; drainage
areas” rangefrom2to 6 mi2. Four constructed lakes
in the study area are used for boating, fishing, or
swimming by military personnel—Puff Lake; Duck
Pond; Engineer Pond; and a new, unnamed lake
called New Lakein thisreport. Large, constructed
lakes with residential communities are upstream
from the study areaand include Princes L akes, East
Lake, Hants Lake, and Cordry Lake.

bDrai nage area estimated with data from Hoggatt (1975)
and U.S. Geological Survey 7.5-minute topographic maps.

During this study, the Princes L akes waste-
water-treatment facility, which serves Camp
Atterbury and nearby residential communities,
had a permitted outfall to the Driftwood River
upstream from the confluence of Nineveh Creek
and the Driftwood River. No permitted outfalls
were on Nineveh Creek upstream from or inside the
study area (U.S. Environmental Protection Agency,
2001). The training areas in Camp Atterbury
not connected to the Princes L akes wastewater-
treatment facility were served by vault or chemical
toilets. During this study, Camp Atterbury was
served by the Princes L akes public water-supply
system, which obtained water from wellsin the
river valley northeast of the study area.

According to the Indiana Department of
Environmental Management (2000), 15.8 mi of the
Driftwood River and 62.3 mi of itstributarieswere
assessed in 1999 for support of full-body-contact
recreational use and aquatic-life uses defined
in the Indiana water-quality standards (Indiana
Water Pollution Control Board, 2001). Data were
not collected in Camp Atterbury. (The assessment
methods are discussed in the Chemical and Bio-
logical Assessments section of thisreport.) The
Driftwood River and its tributaries were rated by
Indiana Department of Environmental Manage-
ment (IDEM) as fully supporting aguatic-life uses.
The Driftwood River was rated as partially sup-
porting recreational use because of fecal-indicator
bacteria (E. coli). Thetributaries were not assessed
for E. coli.

Ground water was not directly evaluated in
the study described in thisreport. A generalized
description of the hydrogeology of the study area
was based on Fenelon, Baobay, and others (1994).
Three aquifer types are present in the study area—
surficial sand and gravel aquifers, aweathered bed-
rock surface that yields small quantities of water,
and a deep carbonate bedrock aquifer. Within the
glaciated part of the study area, where present,
the surficia sand and gravel aquifers are expected
to be the most appreciable sources of ground water.

8 Chemical and Biological Assessment of Surface-Water Quality, Camp Atterbury, Indiana



The sand and gravel aquifers usually may
occur in more than one horizontal layer in glacial
deposits up to 100 ft thick. Clay layersform confin-
ing units above or between aquifers. Theweathered
bedrock surface at depthsto 150 ft can supply water
at rates less than 5 gal/min. The carbonate bedrock
aquifer can be found throughout the study area at
depths from 100 to 500 ft and can supply water
at rates of 10 to 50 gal/min. In the unglaciated part
of the study area, the bedrock aquifers are expected
to be the most appreciable sources of ground water.

The following discussion of ground-water
and surface-water interaction is based on Schnoe-
belen and others (1999). Where glacial deposits
more than 50 ft thick contain aquifersthat dis-
charge water to streams, these streams have a
sustained base flow during dry weather. Where
glacial deposits are thin or absent, more steeply
sloping topography is present. The steep slopespro-
mote surface runoff in which precipitation moves
quickly over the land surface (rather than through
the soil or ground water) to reach the streams.
Where steep slopes, thin glacial deposits, or bed-
rock with alimited water-yielding capacity are
present, less water is contributed to base flow dur-
ing dry weather. On the basis of this discussion,
in general, Nineveh Creek, Prince Creek, and
Mud Creek have a greater capacity for sustained
base flow in dry wesather than Lick Creek, Muddy
Branch, or Catherine Creek. Stream base flow
sustained by discharge from aquifers may be
supplemented in some parts of the study area
by discharge from tile drains and seep springs.

Study Methods

This section explains the study design
and selection of monitoring sites and constituents.
The methods for the chemical assessment are
described, including collection, analysis, and
quality assurance of water, streambed-sediment,
and fish-tissue samples. The methods for the

biological assessment are described, including
those for microbiological determinations,
fish-community and benthic-macroinvertebrate-
community inventories, qualitative habitat
evaluations, and calculation of numerical indexes
of biotic integrity.

Study Design

This study was designed to assess the base-
wide quality of surface water flowing into, across,
and out of Camp Atterbury, with a more extensive
evaluation of water quality at the Impact Area.
Monitoring sites and constituents were selected
according to the study objectives.

Conceptual Model of Hydrogeology
and Contaminant Transport

The study design, especialy for the evalua-
tion of the Impact Area, was based on a conceptual
model of hydrogeology and contaminant transport
at Camp Atterbury (fig. 6). Above ground, precipi-
tation falls and then moves as overland runoff to
streams and lakes in a watershed. Surface-water
contaminants are transported in the water or
adsorbed to suspended particles of inorganic
or organic material in the water. Particles with
adsorbed contaminants accumulate in streambed
sediments or re-suspend during high streamflow.
Below ground, water moves vertically from the
land surface through the unsaturated zone and,
where present, through low-permeability layers
(confining units) to recharge water in glacia or
bedrock aguifers. In some areas, shallow ground-
water contaminants are transported to streams or
lakes by tile drains and seep springs. Ground water
moves vertically and horizontally through aquifers
inalocal flow system and discharges to streams
or lakes. In dry weather, streamflow and lake
levels are maintained by ground-water discharge.
Ground-water contaminants discharge to streams
or lakes through the bed sediments or they accumu-
late in the sediments.

Study Methods 9
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Figure 6. Cross-section diagram of conceptual model for hydrogeology and contaminant transport at Camp Atterbury near Edinburgh,
Indiana, September 2000 through July 2001.

Based on the conceptual model, the follow- » Chemical quality of streambed
ing assumptions were made. sediment would indicate ground-water
or surface-water contamination during
* Chemical quality of surface water arange of streamflow conditions.
during low streamflow would indicate * Regional ground-water-flow systems
areas with substantial ground-water aretheleast likely to transport
contamination in shallow glacial or contaminants.
bedrock aguifers.
« Chemical quality of surface water Chemical and Biological Assessments
during high streamflow would indicate The Camp Atterbury study used chemical
substantial contamination in overland and biological assessments to evaluate short-
runoff and discharge from tile drains term (weeks) and long-term (years) water-quality
and seep springs. conditions. Water samples were collected for
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chemical and micrabiological analysisto evaluate
short-term water quality during dry-weather/
low-streamflow conditions and wet-weather/high-
streamflow conditions. Streambed-sediment and
fish-tissue samples were collected for chemical
analysisto evaluate long-term water quality during
arange of streamflow conditions. Fish and benthic-
macroinvertebrate communities were inventoried
asindicators of long-term water quality because
chronic exposure to contaminants in water or sedi-
ment can affect their numbers, diversity, or health.
The chemical and biological assessment in this
study was consistent with the approach used by
the USGS National Water-Quality Assessment
Program (NAWQA) inthe White River Basin, Ind.,
and with methods used by IDEM (2000) to deter-
mine if streamsin the White River Basin, Ind.,
support their designated use and meet water-quality
standards.

Selection of Monitoring Sites

Monitoring sites were selected to address
the study objectives of base-wide assessment, eval-
uation of the Impact Area, and E. coli monitoring.
Sites were located in seven watersheds in Camp
Atterbury (Nineveh Creek, Prince Creek, Mud
Creek, Saddle Creek, Muddy Branch, Lick Creek,
and Catherine Creek) and four lakes (Puff Lake,
Duck Pond, Engineer Pond, and New Lake). Sites
in the watersheds were selected to characterize
water quality upstream and downstream from
points of stream confluence. Sites on the lakes
generally were related to areas of recreational
use. Locations (fig. 7) and characteristics of the
27 monitoring sites are described in tables 1 and 2.

Six stream sites were selected for the base-
wide assessment during September 2000—B1, B2,
and B3 on the upstream side and B4, B5, and B6 on
the downstream side of the study area. Seven stream
sites were selected for an evaluation of the Impact
Area during September 2000—sites A1, A2, and
A3 inside the Impact Area; A4, A5, and A10 on
the downstream side. The seventh site (A6) was
on the upstream side of the Impact Area but also
was the upstream site for Camp Atterbury in the
Mud Creek Watershed. Two lakes were selected

because they received ground-water discharge or
overland runoff primarily from the Impact Area—
Duck Pond (A7) and Puff Lake. The headwater
pond of Puff Lake (A8) and the main body of Puff
Lake (A9) were separate monitoring sites because
the headwater pond was isolated from the open
water of the main body by an earthen dam and by
extensive aquatic vegetation. Further evaluation of
the Impact Areawas done at six stream sites during
July 2001—B1 and E5 upstream from the Impact
Areaand A4, A5, A10, and B5 downstream from
the Impact Area

For E. coli monitoring during May through
June 2001, 16 stream sites and 4 lake sites were
selected. Nine of the stream sites were described
previously (B1, B2, B3, B4, B5, A4, A5, A6,
and A10). Among the other seven stream sites (E1
through E7), two were at the outlets of Hants Lake
(E1) and East Lake (E2) at Prince Creek (fig. 1).

SitesE3, E4, and E5 were near stream confl u-
ences, and two sites (E6 and E7) were upstream and
downstream from a potential sewer overflow near
an unnamed tributary to Nineveh Creek. The four
lake sites (selected because of the potential for full-
body-contact recreation) include E8 and E9 on Puff
Lake, E10 at the swimming beach on New Lake,
and E11 on Engineer Pond.

Instantaneous-Streamflow Measurements

The amount of water transported in a stream
can affect water quality and contaminant transport.
In this report, streamflow was used to describe the
volume flow rate of water in cubic feet per second.
I nstantaneous streamflow was reported because no
continuous streamflow-record gaging stationswere
in the study area. M easurements were made with
acurrent meter and methods adopted by the USGS
as described in Rantz and others (1982), Carter and
Davidian (1968), Buchanan and Somers (1969),
Laenen (1985), and Smoot and Novak (1968).
Current velocities, stream depths, and stream width
were measured at a stream cross section near the
monitoring sites immediately after sampling was
completed. The data on current velocity, stream
depth, and stream width were used to calculate the
instantaneous streamfl ow.

Study Methods 11
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Table 1. Description of monitoring sites for assessment of surface-water quality at Camp Atterbury near Edinburgh, Indiana, September 2000 through July 2001

Monitoring Scope
site of
(figure 7) Site name monitoring Site location and purpose
B1 Prince Creek at Wilder Road Base wide Upstream from much of Camp Atterbury; downstream from Princes L akes community; assess chemical
and microbiological quality of water entering Impact Area
B2 Nineveh Creek at Hospital Road Base wide Upstream from Camp Atterbury; downstream from town of Nineveh; assess chemical and microbio-
logical quality of water entering Camp Atterbury
B3 Saddle Creek at Mount Moriah Road ~ Base wide Upstream from much of Camp Atterbury; downstream from Cordry Lake community; assess chemical
and microbiological quality of water entering Camp Atterbury
B4 Nineveh Creek at Wallace Road Base wide Downstream from Camp Atterbury; assess chemical and microbiological quality of water leaving
Camp Atterbury
B5 Lick Creek at Mauxferry Road Base wide Stream originates in Camp Atterbury; assess chemical and microbiological quality of water leaving
Camp Atterbury
B6 Catherine Creek at Base wide Stream originates in Camp Atterbury; downstream from new multi-purpose training range; assess
Reservation Boundary Road chemical quality of water leaving Camp Atterbury
Al Mud Creek in Impact Area Impact Area Upstream from confluence with Prince Creek; assess chemical quality of water inside Impact Area
A2 Prince Creek in Impact Area Impact Area Upstream from confluence with Mud Creek; assess chemical quality of water inside Impact Area
A3 Nineveh Creek in Impact Area Impact Area Upstream from confluence with Mud Creek; assess chemical quality of water inside Impact Area
A4 Unnamed tributary to Nineveh Impact Area Downstream from Impact Area and developed area of Camp Atterbury; upstream from confluence with
Creek at Mauxferry Road Nineveh Creek; assess effects of upstream features on chemical and microbiological quality of water
A5 Nineveh Creek at Mauxferry Road Impact Area Downstream from confluence with Mud Creek and downstream from Impact Area; assess chemical and
microbiological quality of water leaving Impact Area
A6 Mud Creek at Mount Moriah Road Base wide and Much of Mud Creek originates in Camp Atterbury; upstream from confluence with Saddle Creek;
Impact Area upstream from Impact Area; assess chemical and microbiological quality of water entering Impact
Area
A7 Duck Pond near Lincoln Road Impact Area Public fishing site; water in pond originates as surface runoff or ground-water discharge from Impact
Area; assess chemical quality of water at edge of Impact Area
A8 Puff Lake headwater pond Impact Area Part of Puff Lake isolated by small dam; water originates as surface runoff or ground-water discharge

from Impact Area; assess chemical quality of ponded water in Impact Area
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Table 1. Description of monitoring sites for assessment of surface-water quality at Camp Atterbury near Edinburgh, Indiana, September 2000 through July 2001—Continued

Monitoring Scope
site of
(figure 7) Site name monitoring Site location and purpose
A9 Puff Lake main body Impact Area Public fishing, boating, and recreation site; much of the water in lake originates as surface runoff or
ground-water discharge from Impact Area; monitoring near the northern shore; assess chemical
quality of ponded water at edge of Impact Area
A10 Muddy Branch at Bearrs Road Base wide and Stream originates in Camp Atterbury; downstream from Puff Lake; inside Impact Area; assess chemical
Impact Area quality of water leaving Impact Areaand Camp Atterbury
E1l Unnamed tributary to Prince Creek Base wide Upstream from Camp Atterbury; near outlet of Hants L ake; assess microbiological quality of water
at Princes Lake Road entering Camp Atterbury
E2 Prince Creek at Princes Lake Road Base wide Upstream from Camp Atterbury; near outlet of East Lake; assess microbiological quality of water
entering Camp Atterbury
E3 Mud Creek at Lincoln Road Base wide Downstream from confluence of Saddle Creek and Mud Creek; assess microbiological quality of water
upstream from confluence with Nineveh Creek
E4 Unnamed tributary to Nineveh Base wide Upstream from confluence with Nineveh Creek; assess microbiological quality of water downstream
Creek near Kansas Cemetery from developed area of Camp Atterbury
E5 Nineveh Creek at Range Line Road Base wide Downstream from confluence with unnamed tributary; assess microbiological quality of water
near Kansas Cemetery downstream from unnamed tributary; assess chemical quality of water entering Impact Area
E6 Unnamed tributary to Nineveh Base wide Upstream from sewer overflow; assess microbiological quality of water entering Camp Atterbury
Creek near Hospital Road
E7 Unnamed tributary to Nineveh Base wide Downstream from sewer overflow; assess microbiological quality of water downstream from developed
Creek at County Line Road area of Camp Atterbury
E8 Puff Lake at Foxfire Cabin Base wide Near boat dock at cabin; assess microbiological quality of water near cabin
E9 Puff Lake at boat ramp Base wide Near shoreline at boat ramp; assess microbiological quality of water at ramp
E10 New Lake at swimming beach Base wide Near shoreline between cabins; assess microbiological quality of water at beach
E11 Engineer Pond western shore Base wide Near shoreline at potential swimming area; assess microbiological quality of water at swimming area




Table 2. Coordinates, altitude, and watershed characteristics of monitoring sites for assessment of surface-water quality at Camp

Atterbury near Edinburgh, Indiana, September 2000 through July 2001

[Latitude and longitude: ° , degrees, *, minutes, ” , seconds (North American Datum of 1983); atitude (North American Vertical Datum of 1988);
mi?, square mile; n.a., not available]

Monitoring Upstream
site Horizontal coordinates Altitude? Stream drainage area®

(figure 7) (latitude and longitude®) (feet) Watershed order (mi?)
B1 39°20' 12.27" 86°04' 30.22" 702 Prince Creek First 5.55
B2 39921’ 41.77" 86° 03’ 52.46” 707 Nineveh Creek First 8.82
B3 39°17' 58.55" 86°05' 19.34” 696 Mud Creek First 2.95
B4 39°19' 10.56" 85°59' 25.18" 642 Nineveh Creek Third 43.7
B5 39°16' 52.01" 86°00' 30.01” 655 Lick Creek First 4.18
B6 39913’ 34.93" 86°00' 24.77" 635 Catherine Creek First 6.26
Al 39°18' 44.35" 86°02' 48.30" 670 Mud Creek Second 13.6
A2 39019 22.22" 86°02' 32.96” 667 Prince Creek First 7.80
A3 39°19' 22.90" 86° 01’ 49.60" 660 Nineveh Creek First 134
A4 39°19' 37.45" 86°00' 34.61” 655 Nineveh Creek First 4.35
A5 39°18' 56.86" 86° 00" 34.25” 655 Nineveh Creek Second 35.3
Ab6 39°18' 38.88" 86°04' 11.81” 680 Mud Creek First 4.99
A7 39917 29.89" 86°03' 44.71" 705 Mud Creek Lake 173
A8 39°17 38.21" 86°02' 19.99” 693 Muddy Branch Lake n.a
A9 39°17' 28.02" 86°02' 08.03" 685 Muddy Branch Lake 1.45
A10 39°17 53.50" 86° 00’ 44.27" 655 Muddy Branch First 2.23
El 39°21' 06.72" 86°05' 34.82" 740 Prince Creek First .266
E2 39°20' 43.85" 86°05' 52.76” 740 Prince Creek First 2.61
E3 39018 12.74" 86°03' 56.21" 680 Mud Creek Second 9.30
E4 39°20' 03.40" 86°02' 07.19” 690 Nineveh Creek First .953
E5 39°19' 50.39" 86°02' 04.74" 690 Nineveh Creek First 13.0
E6 39921’ 29.61" 86° 01’ 34.20” 700 Nineveh Creek First 2.18
E7 39°20' 43.85" 86°01' 31.14" 690 Nineveh Creek First 3.22
ES8 39°17 19.19" 86°01’ 51.85 690 Muddy Branch Lake 145
E9 39°17' 25.13" 86°01’ 57.49" 690 Muddy Branch Lake 1.45
E10 39921’ 31.58” 86° 00" 42.48" 750 Nineveh Creek Lake n.a
E11 39°19' 49.66" 86° 07" 07.31” 670 Nineveh Creek Lake n.a

Ind.,

3_atitude, longitude, and altitude determined with differentially corrected, satellite-receiver, global-positioning-system data.
bAltitude at the monitoring site estimated from U.S. Geologica Survey topographic map (Edinburgh, Nineveh, and New Bellesville,

7.5-minute quadrangles).

®Drainage area upstream from monitoring site estimated with data from Hoggatt (1975) and U.S. Geological Survey topographic maps
(Edinburgh, Nineveh, and New Bellesville, Ind., 7.5-minute quadrangles).
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Chemical Assessment

The chemical assessment included collec-
tion and analysis of samples of water, streambed
sediment, and fish tissue. This section describes
methods for selection of monitoring constituents,
sample collection, field and laboratory analysis,
and quality assurance.

Selection of Monitoring Constituents

Monitoring constituents were selected to
address the study objectives of base-wide assess-
ment, evaluation of the Impact Area, and E. coli
monitoring. As many as 213 constituents were ana-
lyzed in environmental samples collected during
the study. Names and laboratory reporting limits
for these constituents are in appendix 1.

Monitoring constituents for water samples
in the base-wide assessment were based on the
USGS NAWQA guidelinesin Shelton (1994).
The base-wide assessment required 9 water-quality
characteristics and physical properties, 17 dis-
solved major ions and nutrients, and 20 dissolved
trace elements (table 3). These 46 base-wide
monitoring constituents were determined in water
samples from16 siteslisted in table 1 (B1 through
B6 and A1 through A10). Water samples from
seven of these sites (B1 through B6 and A6)
included four supplementary constituents (table 3).

To evaluate surface water in the Impact Area,
the 46 base-wide monitoring constituents were
required, plus constituents based on the chemical
components and potential residues of munitions®
used in the Impact Area. The components and resi-
dues of these munitions were obtained from the
Munitions Items Disposition Action System
(MIDAS) data base, maintained by the U.S. Army
Defense Ammunition Center (2000). A list of
munitions components and residues that potentially

®Munitions at Camp Atterbury include, for example,
small arms and artillery ammunition, mortar rounds,
missiles, grenades, flares, and smoke agents (Lieutenant
Colonel Richard Jones, Indiana Army National Guard, 2000,
written commun.).

could be found in water samples affected by
activitiesin the Impact Area was compared with
available analytical methods. The monitoring
constituents selected for the Impact Areaevaluation
included 14 explosives; 53 volatile organic com-
pounds; 92 semivolatile organic compounds; and
total recoverable lead, magnesium, potassium,

and sodium (table 4). These 163 constituents were
determined in water samples from 10 sitesin and
near the Impact Area (A1 through A10).

A further evaluation of the Impact Areawas
made with samples of streambed sediment from
six sites(Al, A2, A3, A4, A5, and A10) and fish
tissue from stream reaches near nine sites (A1, A2,
A4, A5,A7,A9, A0, B4, and B5). Determinations
for 131 constituents were made in streambed-
sediment and fish-tissue samples, including 25 total
recoverable trace elements, 14 explosives, and 92
semivolatile organic compounds (table 4).

The E. coli monitoring required water-
quality characteristics (table 3), 66 organic
chemical compounds called “wastewaters tracers”
(table 5), and the E. coli fecal-indicator bacteria.
The wastewater tracers included caffeine, choles-
terol, contraceptives, detergent metabolites,
fragrances, flavorings, plastics, pesticides, preser-
vatives, and other compounds known to be present
in human sewage. Wastewater tracers were used to
infer whether human sewage was apotential source
of E. coli in some samples.

Collection of Surface-Water Samples

Surface-water samples were collected, using
methods consistent with USGS guidelines (Wilde
and Radtke, 1998) and with the USGS NAWQA
Program (Shelton, 1994). Methods are described
for collection of stream-water and |ake-water
sampl es during the base-wide assessment and
during E. coli monitoring.

Stream-water samples for chemical analysis
were collected during low streamflow with atech-
nique that provided awell-mixed, representative
sample with minimal disturbance of the streambed
sediment. During low-flow conditions, sample sites
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Table 3. Constituents and analytical methods for water samples collected at Camp Atterbury near Edinburgh, Indiana, September
2000 through July 2001

[UVR ultraviolet-promoted; ICP, inductively coupled plasma; AA, atomic absorption]

Constituent group or constituent name Type of analytical method Type of determination

Water-quality characteristics and physical properties

Alkalinity as calcium carbonate Incremental titration Temporary laboratory?
Dissolved oxygen Electrometric (multimeter) Field measurement?®
Dissolved solids Gravimetric Fixed-base Iaboratoryb
Gross alpha radioactivity Scintillation counting Fixed-base |aboratory®
Gross beta radioactivity Scintillation counting Fixed-base |aboratory®
pH Electrometric (multimeter) Field measurement?®
Specific conductance Electrometric (multimeter) Field measurement?®
Turbidity Optical meter Field measurement?®
Weater temperature Electrometric (multimeter) Field measurement?®

Supplementary constituents

Escherichia coli Membrane filtration Temporary laboratory?
Organic carbon, total and dissolved UV P persulfate oxidation Fixed-base Iaboratoryd
Suspended sediment Gravimetric Fixed-base |aboratory®
Dissolved major ionsin water
Calcium, iron, magnesium, manganese, sodium, silica |CP atomic emission spectrometry  Fixed-base Iaboratoryb
Potassium AA flame spectrometry Fixed-base| aboratoryIO
Chloride, sulfate lon chromatography Fixed-base Iaboratoryb
Fluoride Colorimetry Fixed-base IaboratoryIO
Nutrientsin water
Nitrogen, dissolved: ammonia, nitrate+nitrite, organic Colorimetry Fixed-base IaboratoryIO
Nitrogen, total: ammonia plus organic Colorimetry Fixed-base Iaboratoryb
Phosphorus and orthophosphate, dissolved Colorimetry Fixed-base IaboratoryIO
Phosphorus, total Colorimetry Fixed-base Iaboratoryb

Dissolved trace elementsin water

Aluminum, antimony, arsenic, barium, beryllium, | CP atomic-emission spectrometry  Fixed-base Iabora'[oryf
boron, cadmium, chromium, cobalt, copper, lead,
molybdenum, nickel, selenium, silver, strontium,
thallium, tin, vanadium, zinc

Field measurement or determination at the temporary laboratory with methods from Wilde and Radtke (1998).
bu.S. Geological Survey laboratory determination with methods from Fishman and Friedman (1989).

€U.S. Geological Survey laboratory determination with methods from Thatcher and others (1977).

dU.S. Geol ogical Survey laboratory determination with methods from Brenton and Arnett (1993).

€U.S. Geological Survey laboratory determination with methods from Sholar and Shreve (1998).

fLaboranry determination by use of method SW6010B from U.S. Environmental Protection Agency (1986).
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Table 4. Constituent groups and analytical methods for water, streambed-sediment, and fish-tissue samples collected at Camp
Atterbury near Edinburgh, Indiana, September 2000 through July 2001

[AA, atomic absorption USGS, U.S. Geological Survey; |CP, inductively coupled plasma; USEPA, U.S. Environmental Protection Agency]

Constituent groups Type of method Analytical method
Total recoverable lead in water AA graphite-furnace spectrometry USGS method?®
Total recoverable magnesium in water? Colorimetry USGS method?
Total recoverable potassium in water? AA flame spectrometry USGS method?
Total recoverable sodium in water? ICP atomic-emission spectrometry USGS method?

25 Total recoverable trace elements®
in sediment or fish tissue

53 Volatile organic compounds® in water

92 Semivolatile organic compounds® in
water, sediment or fish tissue

14 Explosives®in water, sediment or fish tissue

ICP atomic-emission spectrometry

Gas chromatography/mass spectrometry
Gas chromatography/mass spectrometry